ABSTRACT
INTRODUCTION
here are many applications of stochastic dominance concepts. Some of them are frequently encountered in finance and economics. Although, the stochastic dominance was applied in the early development of this concept in economics and agricultural economy for various (random) variables (McCarl, 1989) , recent studies also propose these concepts as a valuable tool for choosing among distribution for various assets including also the financial ones like those described in Davidson (2006) .
In this study, we contribute to the literature of stochastic dominance by studying the effect of generalized first and second order stochastic dominance changes on returns distribution of financial time series. Precisely, we consider the principal stock indexes from European countries. We show that constant relative risk aversion plays an important role in explaining the attitude for assets but the later is affected by the existing imbalances between developed and emerged markets. In the same time, we show how our measures related to stochastic dominance are affected by the financial crisis. We consider that the crisis, which affected firstly the financial sector, has extended its impact over all sectors. Therefore, our study focused on the main stock index for each analyzed country in order to capture the effect of crisis in more economic sectors and not only from the banking or financial sector. Since a stock index is considered to be a global measure of a country's economy, a behavior of investors related to this index is considered to be a good prospective of the investor to almost the entire economy from the country where this stock index is representative.
In recent years, staring with 2007, many companies' profits are on a decrease trend, which also has an impact on investors willingness for buying these types of stocks. However, the stock market is still the focus of several investors and speculators. The turbulences from past years have influenced the structure of volatility and the traditional risk measures did not capture all the features of these stock's price evolutions. Hence the implemented measure for stochastic dominance is considered to be an interesting tool for a good analysis of the crisis impact on investors' preferences and decisions.
The rest of the paper is organized as it follows: The first part of this paper presents an overview on the existing work related to stochastic dominance and illustrates its main theoretical principles. The second part deals
LITERATURE REVIEW
The first contribution regarding the optimal behaviour of risk averse following stochastic dominance changes in returns distribution was realized by Rothschild and Stiglitz (1970, 1971) . The research was continued by Meyer and Orminston (1985) , Dionne and Gollier (1986) , and Eeckhoudt et al. (1996) , but these studies were not able to analyze the effects of first and second-degree stochastic dominance on optimal financial portfolio with more than two assets.
McCarl and Bessler (1989) tried to identify the bounds for a priori specification of risk aversion coefficient and found that "strongly risk averse" range might not be too high. In another paper, McCarl (1990) realized an empirical examination on risk aversion coefficients by using generalized stochastic dominance. His results show that non-dominance regions are composed of smaller dominance regions, respectively that incorporation of wealth doesn`t affect generalized stochastic dominance preference interval results. Levy (1992) discussed in his paper the first, second, and third -degree stochastic dominance rules regarding portfolios with and without the riskless asset, nonlinear utility theory, arbitrage, random variables, respectively the relationship between stochastic dominance rules and risk definition. Dachraoui and Dionne (2001) analyzed the effect of generalized first and second degree stochastic dominance on an optimal financial portfolio with two risky assets and a risk free asset. They found that deterioration in first and second order stochastic dominance will reduce the weight of risk free asset in the optimal fund. Davidson (2006) realized a theoretical paper. He analyzed the relationship between stochastic dominance and welfare, stochastic dominance and poverty, respectively stochastic dominance and inequality. Another theoretical study was made by Gollier and Kimball (2008) . They studied the comparison of risks-especially results related to stochastic dominance. The study results show that new stochastic orders can be derived from standard non-contingents. Cowell and Victoria-Feser (2007) proposed to estimate the Lorenz curves (a fundamental tool for stochastic dominance), respectively to combine empirical estimations with a robust estimation of the upper tail distribution by using the household disposable incomes from United Kingdom during 1981 year.
Bazen and Moyes (2011) tried to measure the elitism by using stochastic dominance in their paper. The study was focused on two fields. The first field answered to the question of what is the most effective way for increase the welfare of a society. This study was focused on the comparison of 17 countries using income date. In the second field, they measured the scientific performance of academics and institutions in terms of research. This application was made on the journals from the Journal Economic Literature by departments. Their results show that the more unequal and the more efficient is the distribution, the higher it is ranked. Sometimes, the variance can give different results in risk measurement. Thus, the variance of a random variable could be the same for other random variable with a different distribution. In order to illustrate this idea, one can use two random variables having the same expectation and the same variance. In this case, it is very hard for an investor who has a higher aversion at risk to choose between these two distributions (variables). Thus, one can state that a variable is more risky than another, based on the following definition:
One can say that w The transformation of distribution into another one by using a mean preserving spread imply that the two obtained graphics for repartition functions (i.e., cumulative distribution functions) are crossing one each other in a single point and this point is where their associated expectations(means) are equals.
Consequently, the next definition is concerning the concept of higher risk:
It can be noted that in this definition, the first condition will imply that
accordingly with its definition. Since it is obvious that is possible to use this results in order to prove the validity of first statement, then it is possible to have the desired equivalence.
The mean preserving spread criteria is implying a second order stochastic dominance if the case where the distribution have the same mean. For a random variable for which the stochastic dominance degree was calculated, it is also possible to associate with the existence of this certain order of stochastic dominance, the mean preserving spread. Consequently, one "higher risk" measure for the risk of an asset is the definition of risk based on noise. 
can write the next statement that holds true: The main descriptive statistics of daily return series corresponding to the twelve analyzed indices for the period before the current crisis are presented in Table 1 . We can observe that the mean return series are positive in all examined markets, to the extremes being placed Bulgaria (18.83%) and France (3.72%). A first argument that returns do not follow a normal distribution law is given by the Kurtosis coefficient (has higher values of 3), which means that the distribution is leptokurtic, which is much less sharp than the normal distribution, and by the asymmetry coefficient (Skeweness) which is different from zero indicating a left asymmetry (except Romania, Czech Republic, Bulgaria, and Poland); i.e., the left tail is longer. The second argument that the distribution of daily stock market returns do not follow a normal distribution law is given by the value of Jarque-Bera test. Return series became negative after the appearance of financial crisis for all analyzed stock markets ( Table  2) . Kurtosis coefficients remain higher than the value of three, therefore the distributions are leptokurtic, and these do not follow the normal law (according to Jarque-Bera test). Before the implementation process, only distributions of BET and PX return indices have a right asymmetry, and for the other indices the distribution remains have a left elongated tail. As regards the asymmetry coefficients, they present positive values for seven return series (AEX, ATX, BUX, CAC40, DAX, FTSE, and SWISS). Thus, these indices have right asymmetry. 
DISCUSSION OF RESULTS
There are many important aspects in regard to the obtained results, which we want to point out in order to emphasis the relevance of the presented method. Before going into a deeper analysis of how some financial events have been affected the investor preferences for a certain country represented by its main stock index, some remarks are necessary.
The stochastic dominance analysis is a concept that strongly relays on distribution of analyzed assets (prospects). The way in which this distribution is constructed has an important influence on the experimental results and some financial decisions. It is possible to build the distribution of the prices (value of indexes, in our case) or the distribution of the returns. If the price for a specific day (e.g., let's say day t) is defined as t P then the return is defined as:
. Apparently, there could be specific no interest to use one or another way of computing the distribution. Since the returns are presenting a higher interest in the stock market world and also due to the fact that the distribution of returns is close to a normal distribution (which could lead to a better econometrical modeling), we chose to use this representation as a basis for constructing the repartition functions for each of the analyzed index.
As can be seen from the Figure 1 , it is rather difficult to estimate what order of dominance exist between the returns variables. Thus, other approaches like high order of stochastic dominance can be used. Figure 1 shows how difficult is to make a distinction which distribution would be preferable by an investor when one has to choose between some financial assets. The Clute Institute The results of applying the described methodology can be presented in various ways. We chose to represent the measure of difference between distributions in two tables where each line/column is computed the dominance between assets by using the higher order of dominance measure., the first one is revealing the results before the start of the crisis and the second one on the preferences of stock market players for certain indexes after the beginning of the crisis. The tables are on the triangular form since if one asset dominates the other one and the other one is dominated and there is no need to present again the same results but the sign of value changed. The results presented in Table 3 are reflecting the stochastic dominance of higher order in the preferences of willing-to-take-risk investors during the period before the financial crisis. In this case the time frame for each index is very different since there are countries for one can get data for very long periods since for others the period is relatively short. Independently to length of the period, the distributions have the same size and therefore the results are referring the so-called "period before the 2007/2008 crisis." On the other side, it is possible to make a top of dominance, but one has to take into account that if the value of computed measure for a certain asset is different compared with that obtained in case of other asset, the only which is taken into account is the sign. Unfortunately, this study is not covering also the topic related to size of bins when computing the normalized distribution, which could lead to interesting conclusions to a refined result.
After the crisis, the situation changed in the sense that there are other distributions which became dominant, compared with those before the crisis. A similar table with Table 3 is presented below in order to emphasis the effect of crises and the imbalance in stock indexes' preferences changes in the emerged and developed European countries (See Table 4 ). It could be seen that in countries from Eastern Europe the changes in preferences are related to higher volatility, which characterizes these markets. In this cases the structure of volatility that has a strong randomly character has lead to an influence of the crisis over the preferences of investor with high aversion at risks.
CONCLUSIONS AND FURTHER RESEARCH
Stochastic dominance is the measure of uncertainty, which apparently involves simple approaches, but for a more complex analysis more advanced mathematical and statistical tools is required. The approach used in this paper, is a good tool which offers an interesting view about how stochastic dominance tools can be used in investment decisions. The results are relevant from risk perspective when trading on financial markets.
The presented approach could be enhanced in the sense that there could be a constructed portfolio composed of different assets and the analysis should be performed in order to optimize the constructed portfolios.
Our results are showing several approaches and aspects related to stochastic processes used in financial modeling. There are two main categories of remarks related of this study. One category is referring to general aspects when doing variance estimations for first and second order stochastic dominances methods and the other one is related to particularities of the presented results.
The attractive features of these methods based on higher order of stochastic dominances are related to the fact that volatility updating structure permits analytical solutions to be generated for standard asset prices and thus the model allows a fast calibration to given market data.
The findings of our study demonstrate that stock market investors can use different tools for analysis and ranking the risk of their investments and the fact that the financial crisis, which started in 2007, had a different impact on stock markets across Europe. The changes in preferences for certain stock index are reflected by the change in value of stochastic dominance measure like high order of stochastic dominance.
